A conformal transformation of a static or stationary metric by a time dependent conformal scale factor S(τ ) 2 is one of the methods of producing a cosmological spacetime. Using this knowledge and Brans-Dicke (BD) field equations, we investigate two cosmological metrics including Friedmann-Lemaitre-Robertson-Walker (FLRW) spacetime and cosmological Kerr-Newmann black hole and we obtain solutions which allow different expansion rates for each geometries. These expansion rates depend on the matter content of the untransformed parts of geometry. From where, we obtain that an accelerated expansion of the universe can only arise from a vacuum energy and the BD scalar field is the main factor causing this expansion.
Introduction
Expansion of the universe was observed by Hubble in 1920's and also it is dicovered recently that the universe is not only expanding but accelerating [1, 2] . This observational evidence is coming from the type Ia Supernova exposition. Therefore, we understand that the correct theory must be nonstatic in astrophysics and cosmology. To understand the structure and behaviour of the universe, we use General Realativistic formulations and calculations as a mathematical tool. Especially gravitational interactions can be well described in General Theory of Relativity. Moreover, on small scales, effects of gravity is not strong enough and spacetime can be described as nearly flat and therefore General Relativity (GR) is well tested in a small range especially at Solar system scale [3, 4, 5, 6, 7] . However when we use GR in cosmology, means at the large scale structures or at evolving universe in time, we need some new phenomena which we have not understood and explained theoretically and observationaly yet, for example, dark matter and dark energy [8, 9] . Also black holes are providing strong gravitational fields and there are large deviations from GR at large field strength [10, 11, 12, 13] . It means, for a more general theory of gravitation, we need to understand the strong gravitational regimes and large scale structure of the universe [14, 15, 16] . Brans-Dicke scalar tensor theory is a well known scenario of gravitational field [17, 18, 19, 20] and, in general, it is considered as an alternative to GR. In our sence, this is not an altenative to GR but more general theory which can be also related with the f (R) theory [21, 22, 23] , string theory [24, 25] and Kaluza Klein theory [26, 27] in the appropriate limits. Also BD theory involves Mach's principle which says all of the matter in universe affects each other, hence a universe, filled with a scalar field, might be a reasonable candidate for this interaction of the masses. Therefore, motivated to find the solutions for an accurate cosmological model and also a theory for highly gravitating cosmological environment, it might be convenient for us to study BD theory of gravity.
In general, the cosmological expansion in time is defined by a time dependent scale factor in front of the spatial part of the metric components such as FLRW metric. For more general case we do not restrict ourselves with the FLRW case but we also include Kerr-Newmann Black holes. We choose a static or stationary metrics and we try to produce a cosmological metric from this geometry. Although our setup is very easy, using BD theory, we produce cosmologically expanding spacetime and generalize some of important geometries. BD scalar tensor theory adds the system a scalar degree of freedom which is represented by a scalar field φ. Using this property we find a relation between the BD scalar field, cosmological scale factor S(τ ) and stress energy tensor for the perfect fluid T ab . A similar work has been done by the reference [28] , in which, the author obtained the equivalence of scalar field and perfect fluid together with the V (φ) scalar potential.
A stationary/static submanifold can be embedded in a cosmological background by a scale factor of S(τ ) as,g
This expression is a conformal transformation of a metric tensor with a conformal factor S(τ ) 2 . The untransformed metric g ab will be called as submanifold and choosen as static or stationary spacetime and the transformed metricg ab will be named as cosmological background and describes a cosmologically expanding spacetime. All of the geometric quantities in this transformed cosmological frame will be denoted by a tilde. In this work, we will first start with the vacuum case for untransformed frame in which G ab = 0. Then we will consider more general cases of matter contributitions such as G ab = T
EM ab
or G ab = T ab for the general case, where T
is Maxwell stress energy tensor. The transformation rules (1.1) in GR frame requires Einstein tensor to be [29, 32] ,
Here, at first, we suppose that there is no matter in the untilded submanifold and under the conformal transformation (1.1), the transformed space-time geometry may contain any form of matter and may responsible from the expansion of universe in time. We suppose that the spacetime geometryg ab , obtained by the conformal transformation (1.1) of a static or stationary spacetime belonging to GR vacuum solution, is a nonvacuum solution of Brans-Dicke theory in the Jordan frame with a matter-energy content that will be discussed below. Hence, we will use BD scalar tensor theory whose action in Jordan frame is given by
which includes matter LagrangianL m . Hereφ is called as BD scalar field which might be a function of time and spatial coordinates, ω is a free dimensionless BD parameter. The variation of the BD action (1.3) with respect tog ab gives the field equations as,
( 1.4) and variation with respect toφ gives scalar field equation as,
Using equations (1.2) and (1.4), we obtain the stress energy tensor in terms of scalar field and scale factor as 8π
In BD theory, the matter part of LagrangianL m is uncoupled with scalar fieldφ, which is a major diference between BD and Jordan models. But as we see in (1.6), the stress energy tensor of matter part seems to couple with scalarφ, however it is not a coupling, but a mixing interaction between scalar field and metric tensor field. Therefore the weak equivalence principle is still respected [34] . To see this interaction explicitly, we begin by assuming [35] ,φ = S(t) α , (1.7)
which yields BD scalar field depends only on time [36] . Also, solution of field equations (1.6) indicates that the relation between scalar field and conformal factor must be as in (1.7) and the stress energy tensor for this system satisfies the perfect fluid description of matter as in the references [37, 38] . Therefore, we can write the stress energy tensor for this cosmological background as
Here, note that, in the beginning we have described a static or a stationary sub-spacetime which has a vanishing stress energy tensor, T ab = 0 and we obtain a perfect fluid universe by conformally transforming with a time dependent scale factor S(t) 2 . Moreover, our work is not restricted with a static/stationary empty case, we can apply this procedures to other geometries which have nonzero stress energy tensor. For example, if we have the system with T ab = 0, the conformal transformationg ab = S(t) 2 g ab yields stress energy tensor to be T ab S 2 , therefore the total matter ingredients for this cosmological background is obtained asT
Now, we apply this transformation rules to some known geometries and obtain different expansion rates for each cosmological spacetime. Therefore we shall see that the vacuum energy provides the expansion of universe to be accelerated and the matter content causes it to be decelerated in this scheme.
2 Friedmann-Lemaitre-Robertson-Walker cosmological solution FLRW line element is a well known cosmological metric and given by,
here t is a cosmological time and a(t) is the scale factor, k is the curvature parameter and dΩ 2 is two sphere metric. If we rescale the metric as dt = S(τ )dτ and reorganize the metric suitably, we can write FLRW metric in the conformal form,
by denoting τ as a conformal time and S(τ ) 2 as the conformal factor. The static part in square bracket, which is called as submanifold, is transformed to the cosmological spacetime by a time dependent conformal factor S(τ ) 2 . The Ricci scalar of the cosmological background isR 12) and the Ricci scalar of submanifold reads R = 6k, which will be vanished for k = 0, hence we obtain a Minkowski line element which sembolizes the flat submanifold. The overdot represents derivative with respect to conformal time τ . The BD solution for FLRW metric has been explicitly given by [39, 40, 41] . Also the work [42] reviews all possible solutions in this subject. Using the anzatz (1.7) and solving BD field equation, we get matter stress energy tensor of transformed spacetime as the perfect fluid content with energy densityρ and 
This is a key equation which defines the vacuum energy density and replies the question how the flat subspace yields expansion of spacetime to be accelerated or how any type of content of subspace reduces the expansion rate of the universe. If k = 0; The untransformed submanifold has no curvature thus no matter in it, therefore this flat submanifold yields conformal factor to be a power law,
Therefore the empty submanifold is transformed to the cosmological vacuum era by a conformal factor. If we rescale time parameter as S(τ )dτ = dt and rewrite scale factor and scalar field in terms of cosmological time, we get
where a 0 is an integration constant. Here note that if the power of τ , in (2.16), is equal to −1, the scale factor in (2.17) will be an exponential function, hence we get de-Sitter spacetime, nevertheless this result is a very special subcase of the solution presented in our work and we prefer to stay in the general situation as well. The deceleration parameter which gives how the universe accelerate, becomes
which strongly depends on the relation between expansion paremeter and scalar field. α remains as a free parameter and we can determine the value of α from cosmological observations. Depending on the value of α, we may have acceleration or deceleration.
If k = 0: This describes a submanifold has constant curvature which causes a nonzero stress energy tesor. Hence the first term in the right side of (1.9) has some contribution to the system. Physically, this means we are studying on a local system and this local system has some massive content in it.
The solution of nonlinear differential equation (2.15) has the form of an exponential equation, 19) and the rescaled expansion parameter becomes, 20) which satisfies a linearly expanding spacetime. The matter content in untransformed submanifold prevents acceleration of spacetime or we can say that the scalar field in curved region does not able to accelerate the expansion of spacetime. On the other hand the vacuum submanifold which filled with a scalar field can speeding up the expansion of spacetime. Namely a scalar field yields an accelerated expansion for the flat submanifold, but it is not able to expand a spacetime filled with some pressure and energy. This result might be applied to cosmology and interpreted as, a galactic systems does not expand locally but vacuum parts of the universe is expanding much more and spreading apart the galaxies from each other.
The Charged and Rotating Cosmological Black Hole Solution
In this part, using same ansatz in previous part, we search a cosmological black hole. A cosmological black hole might be possible by embedding a static or stationary black hole in a cosmological background. There are some similar cosmological black holes considered in the literature [43, 44, 45, 46, 47, 48] . More realistic black holes are axially symmetric ones which has a mass and angular momentum. Althought it is not necessary to have charge for the physically reasonable black holes, to get more general result we include the electrical charge in this work. Therefore, we consider a Kerr-Newmann (KN) metric which will be transformed into a cosmological background with a time dependent conformal factor. The Kerr-Newmann black hole is a massive object which curves spacetime around itself. From the previous part, we expect that, this massive object, so called curved stationary submanifold, might decelerate the expansion rate or cause space time to be expanded linearly or there might be no expansion at all.
The simplest way to embed a black hole in a cosmological framework is to multiply all KN metric with a time dependent scale factor S(τ ) 2 [44] . Then the metric becomes,
which can also be written as,
where
Here for large radial distances, this geometry reduces to the spatially flat FLRW geometry as well. For the systems with electromagnetic field, the Brans-Dicke action is given byS 25) whereR is Ricci scalar of overall cosmological metric,φ is the BD scalar field and we suppose thatφ =φ(t), ω is BD parameter, andF ab is the Maxwell electromagnetic tensor andL m is the Lagrangian density for the matter part. The total stress energy tensor for this cosmological background contains electromagnetic and perfect fluid contributions asT
The Ricci scalar for this geometry becomes
Here the perfect fluid part has the usual form withρ energy density,P momentum andũ a four velocity vector,T (pf ) ab = P +ρ ũ aũb +Pg ab , (3.28)
whereũ a four vector in lower index has the components
andũ aũ a = −1. The nonzero components of energy momentum tensor for the matter part arẽ
The electromagnetic stress energy momentum tensor is given bỹ
Here the electromagnetic potential one form is,
and the electromagnetic field tensor is given byF = dA or in component form, it is defined asF ab = ∂ a A b − ∂ b A a . The nonzero components of electromagnetic energy momentum tensor arẽ 33) here note that the conservation of energy momentum tensor for the electromagnetic part, ∇
aT (EM ) ab = 0 is already satisfied. Using Brans-Dicke field equations in (1.4), we get the scalar field as, 34) and energy density and pressure becomes, or ∆Σ < (Q 2 − 2Mr)(r 2 + a 2 ) to satisfy positive energy density. In the works [44, 45] , the energy density becomes negative for the cosmological black hole geometries generated in this way. Here, a possibility to have a positive energy density exists for the above choice of the parameters of the solution. Therefore, using a straigtforward conformal transformation, in BD theory, we embeded a Kerr-Newman black hole in an expanding universe filled with a perfect fluid. Now we must satisfy the scalar field equation (1.5),
This equation restricts the scale factor S(τ ) to be linearly depend on time as,
This value of scale factor also satisfies the conservation of energy momentum tensor for the matter part and given by,∇
Therefore all of the field equations are satisfied and the line element becomes in the folowing form,
To analyse the singularity structure of this spacetime, since Ricci scalar (3.27) is zero we can look for the square of Riemann tensor 39) where the function, f (r, θ) in the numerator is an r and θ dependent complicated function and we don't need to write to determine singularity of the geometry. This geometry posess three singular points namely the big bang singularity at t = 0 , the ring singularity of Kerr-Newman solution at Σ = 0 and also the horizon singularity at ∆ = 0, which we will not discuss in this work. If we rescale the conformal time, we get the metric (3.38) in the cosmological frame as
Here the scale factor gives a(t) = √ t, hence decelerating parameter becomes q = 1 > 0 (where the integration constants are chosen to be unity as a convenience). This result shows that spacetime around a charged rotating object with mass M and angular momentum a is not accelerating but decelerating as we expect. The scalar field in this curved submanifold does not yield the expansion to be accelerated.
Conclusion
In this work, we have tried to explain how vacuum energy provides expansion of universe to be accelerated in time and how the matter content of spacetime causes universe to be decelerated. Using the rules for conformal transformation of a metric, we get some different cosmological backgrounds in BD theory from the several static or stationary submanifolds in GR. One of these submanifolds is choosen as Minkowskian spacetime, one has a constant curvature and the other has a massive content in it. The conformal factor has been chosen as time dependent function and Brans-Dicke scalar field is directly related with this conformal factor asφ = S α . Depending on the matter in untransformed spacetime we get different expansion rates of each spacetime, hence we get different scalar field for each scenarios. We conclude that the BD scalar field yields an accelerated expansion for the empty submanifold, but it is diffucult to expand a spacetime which is filled with some pressure and energy. Therefore the scalar field becomes responsible to expansion in vacuum, on the other hand, the gravitational sector prevents the expansion of spacetime locally even if there is some scalar field exists around the massive content. Cosmologicaly, the effect of scalar field can be explained as following: If a spacetime has some massive content in it, this spacetime is not expanded in time so fast, nevertheless, an empty spacetime can be transformed in time and expanded faster which might be interpreted as the effect of dark energy on the cosmological scale. In summary, the spacetime filled with vacuum energy can be arised only from an empty spacetime and the expansion rate of this spacetime has a close relation with the BD scalar field in the universe.
